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ABSTRAK 
Kurniasih SW, Soejoedono RD, Mayasari NLPI. 2015. Analisis molekuler gen penyandi hemaglutinin virus Avian Influenza 
isolat 2012-2013. JITV 20(2): 115-125. DOI: http://dx.doi.org/10.14334/jitv.v20i2.1166 
Virus Avian Influenza (AI) masih menjadi penyebab utama kasus kematian unggas di Indonesia dan di seluruh dunia. 
Penelitian ini bertujuan untuk menentukan patogenitas serta melakukan analisis filogenetik dan jarak kekerabatan  gen 
hemaglutinin virus-virus AI yang diisolasi di Indonesia pada tahun 2012–2013 di Jawa Barat, Jawa Tengah, dan Medan. Sampel 
diperoleh dari peternakan ayam yang mengalami wabah AI dan diinokulasi serta dipropagasi dalam Telur Ayam Berembrio 
(TAB) Specific Pathogen Free (SPF). Cairan alantois yang dipanen 5 hari setelah inokulasi diuji terhadap aktivitas 
hemaglutinasi. Cairan alantois dengan hemaglutinasi positif diuji lebih lanjut untuk menentukan subtipe hemaglutinin dan 
neuraminidase dengan real-time reverse transcription polymerase chain reaction (RRT-PCR) dan dilakukan persiapan untuk 
sekuensing menggunakan reverse transcription polymerase chain reaction (RT-PCR). Sekuen gen hemaglutinin dianalisis 
terhadap susunan asam amino di daerah cleavage site dan jarak genetik serta hubungan kekerabatan antar virus. Hasil penelitian 
mengindikasikan bahwa semua isolat virus tergolong ke dalam HPAI dengan pola asam amino daerah cleavage site 
QRESRRKKR dan QRERRRKR. Enam isolat termasuk subtipe H5N1 sedangkan 3 isolat lainnya merupakan H5Nx. Semua 
isolat memiliki hubungan genetik yang dekat dengan jarak genetik kurang dari 0.3 antara virus yang satu dengan yang lainnya 
dan juga terhadap beberapa isolat virus AI yang menyebabkan wabah-wabah sebelumnya di Indonesia. 
Kata Kunci: Avian Influenza, Cleavage Site, Hemaglutinin, Patogenitas, Filogenetik 
ABSTRACT 
Kurniasih SW, Soejoedono RD, Mayasari NLPI. 2015. Molecular analysis of hemaglutinin gene of Avian Influenza viruses 
isolated in 2012-2013. JITV 20(2): 115-125. DOI: http://dx.doi.org/10.14334/jitv.v20i2.1166 
Avian Influenza virus (AIV) still plays as a major cause of the death in poultry in Indonesia and around the world. The aim 
of this research was to determine the pathogenicity and to analyze the phylogenetic and genetic distances of hemagglutinin gene 
of isolated AI viruses in Indonesia in 2012-2013 particularly from West Java, Central Java, and North Sumatra. Samples were 
obtained from poultry farms that suffered from AI outbreaks, were inoculated and propagated in ten days old specific pathogen 
free (SPF) embryonated chicken eggs. Harvested allantoic fluids at 5 days after inoculation were tested for hemagglutination 
activity. Positive allantoic fluids were further tested to determine the hemagglutinin and neuraminidase subtype using real-time 
reverse transcription polymerase chain reaction (RRT-PCR) and to be prepared for sequencing using reverse transcription 
polymerase chain reaction (RT-PCR). The sequence of hemagglutinin genes were analyzed for the amino acid pattern of the 
cleavage site region and the genetic distances and relationships of those viruses. The result indicated that all of the isolates are 
classified as HPAI with the pattern of cleavage site regions are QRESRRKKR and QRERRRKR. Six isolates are classified as 
H5N1 and 3 isolates are H5Nx. All of the isolates have close genetic relationship with the genetic distances less than 0.3 
between one to another and also with several AI viruses that caused previous outbreaks in Indonesia. 
Key Words: Avian Influenza, Cleavage Site, Hemagglutinin, Pathogenicity, Phylogenetic  
INTRODUCTION 
Avian Influenza (AI) disease is potentially very 
harmful in poultry industry in Indonesia. In spite of the 
fact that farms had been vaccinated to prevent the 
outbreak, AI was sporadically still occurred in several 
areas in Indonesia, event in the poultry that had carried 
out routine vaccination. Not only in chicken, AI was 
also reported in ducks and the other waterfowls 
(Andesfha et al. 2013; OIE 2014).  
Indonesian AI viruses are classified in cluster 2.1. 
Generally, there are 2 clusters of AI virus in the world, 
that are cluster 1 and cluster 2. Differences in cluster or 
subcluster may cause in differences of the antigenic 
structure between one and another virus, therefore 
vaccine which was used to prevent AI outbreak is 
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different in one area to another. Phylogenetic analysis is 
very important to determine the spreads of the virus and 
genetic distances between AI viruses, so that the 
prevention and vaccination strategy could be 
established to prevent the upcoming AI outbreaks 
(Nidom et al. 2012; Wibawa et al. 2012). 
The AI virus belongs to the Orthomyxoviridae 
family. This virus has 8 gene segments encoding 10 
viral proteins. Two types of protein which have 
important role in pathogenicity of AI virus are 
hemagglutinin (HA) and neuraminidase (OIE 2014). 
The HA protein functions for the attachment of the 
virus to the host cell and to allow fusion between virus 
membrane and the endosomal membrane of the host 
cell, whereas neuraminidase has a role in releasing 
virion progeny into the host cell (Susanti 2008). 
Hemagglutinin initiates virus infection by binding the 
receptor of the host cell (Dharmayanti et al. 2012). The 
hemagglutinin gene contains cleavage site region and 
other components including antigenic site, receptor 
binding residue, receptor binding pocket, and 
glycolisylation site (Susanti 2008). 
Cleavage site region is amino acid sequence in 
hemagglutinin gene where proteases of host cell cleaves 
the HA0 precursor into the HA1 and HA2 subunits 
followed by fusion between virus envelope with 
endosomal membrane of host cell (Perdue 2008). The 
proteolytic activation of HA molecule is very important 
in infectivity and virulence of AI virus. The specificity 
of HA molecule could be the determinant factor to 
differentiate the pathogenicity of AI virus (Dharmayanti 
et al. 2012). The differences in HA molecules can be 
based on amino acid sequence in cleavage site region. 
Avirulent or low pathogenic AI virus generally has 
single basic amino acid or arginine (R), whereas 
virulent or highly pathogenic strains have polybasic 
amino acid or multiple arginine and lysine (K) (Susanti 
2008; Hewajuli & Dharmayanti 2012). This study was 
aimed to determine the pathogenicity of AI virus 
isolated in 2012-2013 in several areas in Indonesia and 
to analyze the phylogenetic and genetic distances 
between those viruses nor with the isolate of Indonesian 
AI virus from previous outbreaks. 
MATERIALS AND METHODS 
Virus isolation 
Virus isolates in this study were taken from organs 
of AI infected chickens (Table 1). Virus isolation was 
conducted based on the method of Swayne et al. (1998). 
Twenty grams sample were mashed and added by 80 ml 
PBS containing Penicillin (10000 IU/ml), Streptomycin 
(2000 µg/ml), Kanamycin Sulfate (650 µg/ml), and 
Amphotericin B (20 µg/ml). The suspension was 
centrifuged for 10 minutes in 5000 rpm. Supernatant 
obtained was used to inoculate 10 days old specific 
pathogen free embryonated chicken eggs with 0.2 ml 
inoculum per egg. The inoculated eggs were incubated 
in 38-39oC temperature with 60-65% relatives 
humidity. The incubated eggs were candled to 
determine the mortality of embryos and dead embryos 
were stored in 4oC temperature overninght followed by 
allantoic fluid harvesting. The allantoic fluids were 
collected into sterile tube and tested for 
hemagglutination activity, and then stored in -80oC 
temperature.  
Hemagglutination (HA) test 
Hemagglutination test was carried out by rapid 
hemagglutination and microtitration hemagglutination 
based on Office International des Epizootis (OIE) 
(2014). 
Virus identification by Real-time Reverse 
Transcription Polymerase Chain Reaction (RRT-
PCR) 
RNAs of the virus were extracted using QIAamp 
Viral RNA Mini Kit (Qiagen 2010). Identification of 
H5 subtype was carried out by RRT-PCR using forward 
primer 53 5ʹ-ACATGCCCAAGACATACTGGAA-3ʹ, 
reverse primer H5r-182 5ʹ-
GAATTCGTCACACATTGGGTTTC-3ʹ, and probe H5 
Probe-79 FAM-CACACAACGGGAAGCTCT-
GCGATCT-TAMRA (Chen et al. 2007). PCR 
composition contained 12.5 µl 2× Quantifast Probe RT-
PCR Master Mix, 1 µl primer H5f 0.8 µM, 1 µl primer 
H5r 0.8 µM, 1 µl probe 0.2 µM, 0.25 µl Quantifast RT 
Mix, 2 µl template RNA 100 ng, and 7.25 µl Rnase 
free-water with the total volume 25 µl. PCR process 
was carried out in the Qiagen Rotor-Gene Q 2plex 
HRM System with temperature for reverse transcription 
reaction was 50oC for 10 minutes, initiation/activation 
of 95oC for 5 minutes, denaturation of 95oC for 15 
second, and combination of annealing-extension  was 
52oC for 60 second with 40 times of the PCR cycle. 
Identification of N1 subtype was carried out by the 
same method using forward primer N1F2 5ʹ-
GTTTGAGTCTGTTGCTTGGTC-3ʹ, reverse primer 
N1R1 5ʹ-TGATAGTGTCTGTTATTATGCC-3ʹ, and 
N1-probe FAM-TTGTATTTCAATACAGCGAC-
TAMRA (Payungpon et al. 2006) with 
annealing/extension temperature was 50oC for 60 
second.
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Table 1. List of  virus isolates 2012-2013 
Isolate Poultry Origin Year 
A/Ck/Parung Panjang/Prl/2012 Native chicken Tangerang 2012 
A/Ck/Cigudeg/Prl/2013 Native chicken Bogor 2013 
A/Ck/Lyr.Gunungsindur/Prl/2013 Layer Bogor 2013 
A/Ck/Gunungsindur/Prl/2013 Broiler Bogor 2013 
A/Ck/Cianjur/Prl/2013 Broiler Cianjur 2013 
A/Ck/Legok/Prl/2013 Broiler Tangerang 2013 
A/Ck/Medan/Prl/2013 Broiler Medan 2013 
A/Dk/Pakijangan/Prl/2013 Duck Brebes 2013 
A/Dk/Brebes/Prl/2013 Duck Brebes 2013 
 
Reverse Transcription Polymerase Chain Reaction 
(PCR) for sequencing 
Reverse Transcription-PCR reaction which was 
used in the sequencing process contained of 10 µl 5× 
Qiagen OneStep RT-PCR Buffer, 2 µl dNTP Mix 10 
µM, 1.5 µl primers 0.6 µM, 2 µl Qiagen OneStep RT-
PCR Enzyme Mix, 10 µl Q solution, 2 µl RNA 1-2 µg, 
and 21 µl  RNase-free water with total volume was 50 
µl. RT-PCR program consisted of reverse transcription 
50oC for 30 minutes, pre-denaturation 95oC for 15 
minutes, 40 cycles consisted of denaturation 94oC for 
30 second, annealing 53oC for 60 second, and extension 
72oC for 60 second, with the final extension 72oC for 10 
minutes. 
PCR reactions was carried out with 3 different pairs 
of primer including forward primer HA01 5ʹ-
TGGAGAAAATAGTGCTTCTTCTTGC-3ʹ and 
reverse primer HA645 5ʹ-
GGAAATATAGGTGGTTGGGTTTTG-3ʹ (Susanti 
2008), forward primer HA548F 5ʹ-
CCAACCAGAGAAGGATCTTTTGG-3ʹ and reverse 
HA1215R 5ʹ-ACTAGGCCTCAAACTGAGTGTTC-3ʹ 
(Susanti 2008), primer H5-1 5ʹ-
GCCATTCCACAACATACACCC-3ʹ and H5-3 5ʹ-
CTCCCCTGCTCATTGCTA-3ʹ (WHO 2005), 
following with the electrophoresis of the PCR products. 
Sequencing 
Purification of PCR products and sequencing 
process were done by PT Genetika Science Jakarta and 
1st Base Malaysia. The DNA sequences were used for 
phylogenetic analysis and to determine the 
pathogenicity of the virus. 
 
Phylogenetic analysis 
Phylogenetic and genetic distance analysis among 
isolates were carried out by multiple alignment 
ClustalW in BioEdit (Alzohairy 2011). The 
construction of phylogenetic tree was done by MEGA 
5.05 version (Tamura et al. 2011). 
RESULT AND DISCUSSION 
Death of embryos after AI virus inoculation 
Isolate 1, 2, 4, 6, 7, and 8 caused embryo’s death in 
24-48 hours after the inoculation, whereas isolate 3, 5, 
and 9 caused embryo’s dead after 48 hours (Table 2 and 
Table 3). The death of embryos was correlated with the 
virulence and pathogenicity of the virus. Swayne et al. 
(1998) clarified that pathogenic AI virus can cause 
embryo’s death in 24-48 hours after 0.2 ml inoculation 
of the virus into allantoic cavity. The death of embryos 
occurred in 24-48 hours after inoculation in this study 
indicated that isolate 1, 2, 4, 6, 7, and 8 were pathogenic 
AI virus. Isolate 3, 5, and 9 caused embryo death after 
48 hours. Embryo’s death is related to the capability of 
hemagglutinin gene to be cleaved by the host cell 
protease. AI virus with pathogenic cleavage site but 
killed embryos in more than 36 hours was assumed as 
AI virus which had lost its pathogenicity to its native 
host. Parallel with the result of Kencana et al. (2014) 
the death of embryos as the result of non-pathogenic AI 
virus infection occurred in 3rd day post inoculation. 
This phenomenon was suspected to be occurred in 
isolate 3, 5, and 9. The capability of HA protein to be 
cleaved by host cell protease determines the spreads of 
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Table 2. Observation of the embryo post AI virus inoculation 
<24 hours 24-48 hours 48-72 hours 72-96 hours >96 hours 
3 live  3 death - - - 
3 live 3 death - - - 
3 live  3 live 2 death, 1 live 1 death - 
3 live 3 death - - - 
3 live  3 live 2 death, 1 live 1 death - 
3 live 3 death - - - 
3 live  3 death - - - 
3 live 3 death - - - 
3 live  3 live 3 death - - 
3 live 3 live 3 live 3 live 3 live 
 
Table 3. The death of embryo post AI virus inoculation 
Isolate Death of  embryo 
A/Ck/Parung Panjang/Prl/2012 <48 hours 
A/Ck/Cigudeg/Prl/2013 <48 hours 
A/Ck/Gunungsindur/Prl/2013 <48 hours 
A/Ck/Legok/Prl/2013 <48 hours 
A/Ck/Medan/Prl/2013 <48 hours 
A/Dk/Pakijangan/Prl/2013 <48 hours 
A/Ck/Lyr.Gunungsindur/Prl/2013 >48 hours 
A/Ck/Cianjur/Prl/2013 >48 hours 
A/Dk/Brebes/Prl/2013 >48 hours 
AI virus in chorioallantoic membrane of the embryo. AI 
virus with HA protein that capable to be cleaved by 
proteases has the capacity to penetrate the 3 germinal 
layers of the membranes and enter to the blood vessels 
(Lebas et al. 2013) and the visceral organs (Krauss et al. 
2012). Hemagglutinin from pathogenic AI virus can 
facilitate the virus spreading from the allantoic space to 
the deeper mesenchymal vascularization layer of the 
chorioallantoic membrane, causes the extensive virus 
infection, contrary with the hemagglutinin from non-
pathogenic AI virus that only causes infection in 
allantoic membrane and inside the allantoic cavity 
(Feldmann et al. 2000). 
Correlation of the virus amount with 
hemagglutination activity and virulence of the virus 
Hemagglutination test is used to determine the 
quantity of the virus which agglutinates the red blood 
cell (RBC) and it is a method which is used in the 
screening of the existence of a causative agent of 
hemagglutination such as influenza A virus in the 
isolates harvested from allantoic fluids. The progeny of 
AI virus which is released from the infected cells can be 
determined by hemagglutination test (Killian 2014). 
Agglutination of RBC by AI virus is mediated by 
reaction between receptor binding site of hemagglutinin 
molecule with sialic acid receptor of the host cell. 
Hemagglutinin is a part of virus which will attach on 
the chicken’s RBC receptor causing the agglutination. 
The attachment would form a protoplasm bridges which 
eventually form a mass that precipitates in the bottom 
of the microplate These activities will be the basis in the 
hemagglutination test to determine the existence of the 
virus that agglutinates RBC in the allantoic fluids 
(Natih et al. 2010). HA titre is correlated with the 
amount of virus in the allantoic fluids after virus 
inoculation. HA titre shows negative result if the 
quantity of the virus is less than 106 embryo infectious 
dose (EID50)/ml (Kencana et al. 2014). This test is 
quantitatively, the value of 1 HAU is equal with 107 
particles of the virus (Killian 2014). Positive reaction of 
hemagglutination test is occurred if the HA titre is 
valued ≥2 HAU (Koratkar et al. 2014). HA titre of the 
isolates in this study (Table 4) were 18-1382 HAU with 
the highest level was isolate 8 (1382 HAU) and the 
lowest one was isolate 3 (18 HAU). According to 
Wanasawaeng et al. (2008), chicken’s embryo which 
was inoculated with virulent AI virus, commonly died 
within 32 hours with infectivity titre around 7.3-9.0 
log2 HA titre or 128-512 HAU. Lang et al. (2011) 
mentioned that the highest HA titre existed in the 
allantoic fluids of the embryo harvested at the 1st and 
2nd day of the AI virus isolation indicating the 
increasing of the newly forming infective virion. It 
could be assumed that isolate 1, 2, 4, 6, 7, and 8 in this 
study were virulent AI virus with the HA titre ranged 
343-1382 HAU. 
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Table 4. Hemagglutination (HA) titre 
Isolate HA Titre (HAU) 
A/Ck/Parung Panjang/Prl/2012 512 
A/Ck/Cigudeg/Prl/2013 589 
A/Ck/Gunungsindur/Prl/2013 343 
A/Ck/Legok/Prl/2013 1024 
A/Ck/Medan/Prl/2013 1382 
A/Dk/Pakijangan/Prl/2013 512 
A/Ck/Lyr.Gunungsindur/Prl/2013 18 
A/Ck/Cianjur/Prl/2013 42 
A/Dk/Brebes/Prl/2013 74 
Moresco (2010) declared that low pathogenic AI 
virus showed the HA titre less than the amount that 
could be detected in the allantoic fluids from virus 
isolation, whereas Koratkar et al. (2014) said that 
positive reaction of the hemagglutination test occurred 
if HA titre was ≥2 HAU. Isolate 3, 5, and 9 had positive 
HA titre or valued as ≥2 HAU, but the HA titre of the 
isolates were low (around 18-74 HAU). It could be 
suspected that isolate 3, 5, and 9 were AI viruses which 
may have experienced a mutation or reasortion that 
caused the unability to replicate in the host cell to reach 
the appropriate hemagglutination titre or its 
hemagglutination activities were lower. 
Subtype of avian influenza viruses isolated in 2012-
2013 
Real Time RT-PCR results threshold cycle (Ct 
value) which is the amount of PCR cycle at the time 
when fluorescence increases and can be detected 
significantly at the early stage of the positive samples. 
Threshold cycle represents the change of the cycle 
number at the time when the positive amplification 
reaction could be measured (Payungporn et al. 2006). 
The RRT-PCR results positive samples if the Ct value 
<33, whereas it is negative if Ct value >35 (SADC 
2010). In this study, 9 isolates were positive H5. Six 
from the 9 isolates were positive N1, therefore the six 
isolates (isolate 1, 2, 4, 6, 7, and 8) could be classified 
into H5N1 subtype, whereas the other 3 isolates (isolate 
3, 5, and 9) were H5 subtype aside of N1 (H5Nx 
subtype). The results of the RRT-PCR test were 
presented in the Table 5. 
The results of RRT-PCR in this study showed 106-
108 copies of RNA of the H5 positive isolates and 105-
108 copies of RNA of the N1 positive isolates. RRT-
PCR product was detected using specific sequence 
probe to amplify only the specific target. Specific HA 
probe could be used for the quantification of the virus 
with different subtypes in one virus mixture (OIE 2014; 
Spackman 2014). The amount of RNA copy that could 
not be read at the N1 RRT-PCR test from isolate 3, 5, 
and 9 indicated that there were no amplification 
occured, and the isolates were considered to be negative 
N1. However, Ct value and the amount of RNA copy 
did not show correlation with the result of virus 
isolation and hemagglutination test. The H5Nx isolates 
apparently had Ct value and RNA copy comparable 
with isolates from H5N1 subtype. This was possible 
because RRT-PCR test has the high sensitivity and 
specificity that can detect and amplify the very small 
quantity of RNA. The difference in AI virus detection 
between RRT-PCCR and virus isolation is caused by 
the difference of the ability of both test to detect the 
parts of the virus. Virus isolation only detects live virus 
and cannot detect virus that had been inactivated or had 
experienced other treatments, whereas the RRT-PCR 
can detect live or inactivated virus (Spackman 2014) 
Table 5. Threshold cycle (Ct value) and number of RNA copy of H5 and N1 in RRT-PCR 
Isolate 
Ct RNA copy /µl 
H5 N1 H5 N1 
A/Ck/P.Panjang/Prl/2012 20.02 13.90 1381543 283112136 
A/Ck/Cigudeg/Prl/2013 17.22 15.16 63815531 125437247 
A/Ck/Gunungsindur/Prl/2013 16.54 23.75 92686366 481532 
A/Ck/Legok/Prl/2013 15.94 16.12 128404046 67493217 
A/Ck/Medan/Prl/2013 16.18 15.14 112597534 126602979 
A/Dk/Pakijangan/Prl/2013 17.06 17.81 6975631 22448560 
A/Ck/Lyr.Gnsindur/Prl/2013 16.89 tba 76147115 tba 
A/Ck/Cianjur/Prl/2013 17.85 tba 45025043 tba 
A/Dk/Brebes/Prl/2013 20.54 tba 10331331 tba 
aResult could not be read  by the thermalcycler 
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M. Marker 1kb; 1. A/Ck/Parung Panjang/Prl/2012; 2. A/Ck/Cigudeg/Prl/2013; 3. A/Ck/Lyr.Gunungsindur/Prl/2013; 
4. A/Ck/Gunungsindur/Prl/2013; 5. A/Ck/Cianjur/Prl/2013; 6. A/Ck/Legok/Prl/2013; 7. A/Ck/Medan/Prl/2013; 
8. A/Dk/Pakijangan/Prl/2013; 9. A/Dk/Brebes/Prl/2013 
Figure 1. PCR product of H5-1 H5-3 primer amplification 
 
In the other side, in connection with the mortality of 
the embryo and HA titre, the results of the RRT-PCR 
test had a correlation with virus isolation and 
hemagglutination test. RRT-PCR test, technically 
accurately measured RNA quantity correlated with HA 
content (Spackman & Suarez 2005). Isolate 3, 5, and 9 
showed embryo death after 48 hours and had lower HA 
titre (18, 42, and 74 HAU respectively) were H5Nx 
subtype, therefore could be assumed that only isolates 
classified in H5N1 subtype that could kill embryo in 
24-48 hours and had higher HA titre (343-1382 HAU) 
compared to H5Nx subtype. 
Amino acid sequences of the Cleavage site of 
hemagglutinin gene  
The electrophoresis of the PCR product is presented 
in Figure 1. Sequencing result of the PCR products with 
primer that specificaly amplified cleavage site region of 
hemagglutinin gene showed sequence of repeated 
arginine (R) and lysine (K) amino acid (Table 6). AI 
virus with polybasic amino acid sequence of arginin or 
lysine are classified as pathogenic (Gohrbandt et al. 
2011; Li et al. 2011). Virulence characteristic of AI that 
distinguish HPAI from LPAI is the ability of the virus 
to be cleaved by proteases which could be found in 
almost all type of host cells. Hemagglutinin gene 
produced as single polypeptide is cleaved into HA1 and 
HA2 subunit before the virus become infectious. This 
cleavage process is important for the fusion domain to 
be active during virus replication process and facilitate 
AI virus infection to the host cell. Generally, cleavage 
process is conducted by trypsin or trypsin-like proteases 
which cleaved HA protein due to the recognition of 
single arginine. Monobasic (single arginine) amino acid 
sequence could be cleaved by tryptase produced by 
ephitelial cell of gastrointestinal and respiratory tracts, 
therefore the AI virus infection is restricted in 
gastrointestinal and respiratory organs. However, if 
polybasic amino acid or repeated arginine or lysine are 
existed, the cleavage site becomes accessible to furin or 
other ubiquitous proteases, such as proprotein 
convertase 6 (PC6) in the Golgy that is found in most 
Table 6. Amino acid sequence of hemagglutinin gene on 
cleavage site 
Isolate  Amino acid pattern 
A/Ck/Parung Panjang/Prl/2012 QRESRRKKRG 
A/Ck/Cigudeg/Prl/2013 QRESRRKKRG 
A/Ck/Gunungsindur/Prl/2013 QRESRRKKRG 
A/Ck/Legok/Prl/2013 QRESRRKKRG 
A/Ck/Medan/Prl/2013 QRESRRKKRG 
A/Dk/Pakijangan/Prl/2013 QRESRRKKRG 
A/Ck/Lyr.Gunungsindur/Prl/2013 QRERRRKRG 
A/Ck/Cianjur/Prl/2013 QRERRRKRG 
A/Dk/Brebes/Prl/2013 QRERRRKRG 
cells and so the infection could be occurred in the 
various tissues and infect systemically. Therefore, 
amino acid sequence in the cleavage site determines the 
pathogenicity of AI virus, as AI virus could be 
classified into highly pathogenic (HPAI) or low 
pathogenic (LPAI) (Bogs et al. 2010; Gohrbandt et al. 
2011). The cleavage site region of hemagglutinin gene 
plays very important role in producing infectious viral 
progeny during the AI virus infection (Leijon et al. 
2011). Polybasic amino acid or arginine and lysine in 
the hemagglutinin of H5N1 AI have a role in systemic 
infection, so that AI virus could be isolated from blood, 
brain, nerve, cerebrospinal fluid, cornea, heart, lungs, 
kidney, pancreas, intestine, caecum, and feces 
(Yamamato et al. 2010; Kim et al. 2015). 
The research of Wibawa et al. (2011) in ducks in 
Central Java in 2007-2008 showed amino acid patterns 
of cleavage site were QRERRRKKR, QRESRRKRR, 
QRESRRRKR, QKESRRKKR, and QRESRRKKR. 
Wibawa et al. (2012) also isolated AI virus that caused 
outbreak in duck in several areas in Central Java, 
Yogyakarta, and East Java in September-November 
2012 and showed amino acid patterns of the cleavage 
site was QRERRRKR. Research of Andhesfa et al. 
(2013) of birds in Central Java, Yogyakarta, and East 
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M. Marker 1kb; 1. A/Ck/Parung Panjang/Prl/2012; 2.A/Ck/Cigudeg/Prl/2013; 3. A/Ck/Lyr.Gunungsindur/Prl/2013;  
4. A/Ck/Gunungsindur/Prl/2013; 5. A/Ck/Cianjur/Prl/2013; 6. A/Ck/Legok/Prl/2013; 7. A/Ck/Medan/Prl/2013; 
8. A/Dk/Pakijangan/Prl/2013; 9. A/Dk/Brebes/Prl/2013; K(-). Negative control, K(+). Positive control 
Figure 2. PCR product of HA01-HA645 primer amplification 
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M. Marker 1kb, 1. A/Ck/Parung Panjang/Prl/2012; 2.A/Ck/Cigudeg/Prl/2013; 3. A/Ck/Lyr.Gunungsindur/Prl/2013;  
4. A/Ck/Gunungsindur/Prl/2013; 5. A/Ck/Cianjur/Prl/2013; 6. A/Ck/Legok/Prl/2013; 7. A/Ck/Medan/Prl/2013; 
8. A/Dk/Pakijangan/Prl/2013; 9. A/Dk/Brebes/Prl/2013; K(-). Negative control, K(+). Positive control 
Figure 3. PCR product of  H548F-H1215R primer amplification 
Java in 2011-2012 also explained that AI virus which 
successfully isolated had amino acid pattern of the 
cleavage site of QRESRRKKR and QRERRRKR and 
caused AI outbreaks in those areas. 
Sequencing analysis result of the hemagglutinin 
cleavage site of the AI viruses in this study showed that 
6 isolates (H5N1) had amino acid pattern of 
QRESRRKKR and 3 isolates (H5Nx) had 
QRERRRKR. QRESRRKKR pattern by previous 
scientist was reported to be found in waterfowls, 
whereas in this study the pattern was found in AI isolate 
which cause outbreaks in broiler chicken 
(A/Ck/Gunungsindur/Prl/2013, A/Ck/Legok/Prl/2013, 
A/Ck/Medan/Prl/2013), native chicken (/Ck/Parung 
Panjang/Prl/2012, A/Ck/Cigudeg/Prl/2013), and duck 
(A/Dk/Pakijangan/Prl/2013). It was assumed that AI 
virus that caused the outbreaks were came from ducks 
or other waterfowls wandering around the farm or kept 
in backyard which clinically was healthy and became as 
a source of transmission of AI virus. WHO (2011) and 
Coker et al. (2014) explained that wild or domestic 
waterfowls has important role in AI virus transmission 
to the other domestic birds. Wild waterfowls is a natural 
host of the type A influenza virus and plays important 
role in the ecology and virus propagation. Commonly 
from the natural host, the type A influenza virus could 
be transmitted to the other birds (Pillai et al. 2010). AI 
virus is replicated in epithelial cells of the intestinal 
track of the wild waterfowls. Virus excretion through 
feces could become the source of transmission of AI 
virus to other domestic birds. Duck’s living place which 
is close to the water environment makes it possible to 
be a media of virus transmission through the water 
(Hewajuli & Dharmayanti 2012). When AI virus has 
been transmitted by duck to the other birds, there would 
be a high morbidity, clinical symptoms, and mortality 
rate (Henning et al. 2010; Leijon et al. 2011). This also 
showed that waterfowls which clinically healthy play as 
an evolution place of AI virus and by time the virus 
become more pathogen (Henning et al. 2010; Hewajuli 
& Dharmayanti 2012). 
The QRERRRKR amino acid sequence of 3 isolates 
of H5Nx resembled with the common pattern existed in 
duck, is in accoordance with Wibawa et al. (2012). In 
this research, the same pattern was found in commercial 
layer (A/Ck/Lyr.Gunungsindur/Prl/2013), commercial 
broiler (A/Ck/Cianjur/Prl/2013), and duck 
(A/Dk/Brebes/Prl/2013). It was assumed that the 
waterfowls also played as a source of transmission in 
those cases. However, those 3 isolates had phenotypic 
difference with another 6 isolates in case of the longer 
period was needed to cause embryo death and the lower 
HA titre. There was a possibility that the viruses were 
came from low pathogenic virus which had undergone 
mutation or reasortion, so that had amino acid pattern in 
the cleavage site of hemagglutinin gene resembled with 
the pattern of the pathogenic virus. Gohrnandt et al. 
(2011) explained that a HPAI strain may be an 
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acquisition of a non-pathogenic AI strain which had 
experienced a mutation and had cleavage site region 
that characterized pathogenic AI strain. In spite of it did 
not show clinical symptoms, the waterfowls could 
continuously excrete virus, so it could be potentially 
mode of spreading pathogenic virus to another birds (Li 
et al. 2011). Zhao et al. (2012) said despite an AI virus 
having cleavage site with the amino acid pattern 
characterized of high patogenicity AI virus, however 
phenotypically the virus could be characterized as low 
pathogenicity. 
The fact that 3 isolates of H5Nx had phenotypic 
resembling low pathogenic AI virus but evidently 
having amino acid sequence of QRERRRKR which was 
characterized as high pathogenic virus,  confirmed the 
assumption that AI viruses that had been isolated in 
Indonesia were pathogenic viruses, in line with WHO 
(2011) and Wibawa et al. (2012) which reported that AI 
viruses circulated in Indonesia since first report in 2003 
were highly pathogenic avian influenza (HPAI) H5N1 
subtype and that the prevalence of low pathogenic AI 
virus in Indonesian poultry had not been found yet. 
Phylogenetic Analysis and Genetic Distance 
The electrophoresis of the PCR product is shown in 
Figure 2 and Figure 3. Phylogenetic analysis and 
genetic distances which described in Figure 4 and Table 
7 showed that AI isolates in this study were divided into 
2 clusters. Isolate 1, 2, 4, 6, and 7 were in same cluster 
with AI isolated from chicken in Banten in 2008 
(GenBank: GU183461), Legok 2003 (GenBank: 
GU052426.1), and AI Legok isolated by Prolab in 
2008. The Legok 2003 was the isolate obtained from 
the first AI outbreak in Indonesia, so it was assumed 
that isolate 1, 2, 4, 6, and 7 were the descendant of the 
AI virus that caused the first outbreak and had not a 
meaningful genetic mutation. Genetic distance between 
the isolates ranged 0.042-0.081. Isolate 8 and 9 which 
were isolated from duck and isolate 3 and 5 which were 
isolated from layer and broiler chicken had genetic 
similarity with duck isolated from Tegal 2012 
(GenBank: KC417274.1) and Blitar 2012  (GenBank: 
KC417277.1). Genetic distance between the isolates 
was 0.003-0.029. The genetic similarity between AI 
viruses isolated from chicken with those were isolated 
from waterfowls was suspected due to of the existence 
of waterfowls reared around the chicken farms resulting 
in AI transmission from the waterfowls to the chicken. 
Henning et al. (2010) said that waterfowls is the source 
of transmission of AI virus to another surrounding 
birds. Water as a living place of the waterfowls become 
the media and source of AI virus infection. The fact that 
waterfowls are the main source of AI virus infection 
makes the implementation of prevention and control 
programs of AI virus become more difficult to be 
conducted (Hewajuli & Dharmayanti 2012). The 
genetic distance between the 2 clusters in this study was 
0.062-0.131, this showed that all of the isolates in the 2 
clusters still had close relationship with the coefficient 
of phylogeny was <0.3 and homology was >97% 
(Wibawa et al. 2012). 
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 6.A/Ck/Legok/Prl/2013
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Figure 4. Phylogenetic tree of the hemagglutinin gene of AI viruses isolate 1-9 compare with AI virus from the previous 
outbreaks 
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Table 7. Genetic distances of the hemagglutinin gene between AI viruses used in the research with AI viruses from previous 
outbreaks 
 0         1        2         3          4           5        6        7         8         9        10        11      12      13       14 
[1]        
[2]    0.025 
[3]    0.071  0.062 
[4]    0.074  0.065  0.003 
[5]    0.029  0.042  0.087  0.090 
[6]    0.066  0.080  0.129  0.131   0.055 
[7]    0.055  0.062  0.103  0.106   0.045  0.081 
[8]    0.085  0.076  0.013  0.016   0.080  0.125  0.103 
[9]    0.053  0.060  0.101  0.104   0.048  0.081  0.011  0.099 
[10]  0.096  0.083  0.025  0.029   0.086  0.127  0.106  0.022  0.108 
[11]  0.055  0.062  0.103  0.106   0.042  0.076  0.005  0.099  0.008  0.100  
[12]  0.049  0.059  0.107  0.110   0.038  0.071  0.043  0.103  0.053  0.108  0.045  
[13]  0.089  0.076  0.016  0.019   0.082  0.124  0.097  0.014  0.101  0.022  0.097  0.097 
[14]  0.085  0.073  0.013  0.016   0.078  0.120  0.093  0.008  0.095  0.017  0.093  0.097 0.006  
[1] #A/chicken/Banten/Srg-Fadh/2008(H5N1)); [2] #A/chicken/Legok/2003(H5N1)); [3] #A/duck/Tegal/BBVW-1727-11/2012(H5N1)); 
[4] #A/duck/Blitar/BBVW-1731-11/2012(H5N1)); [5] #A/Ck/Brd.Parung_Panjang/Prl/2008; [6] #1.A/Ck/Parung_Panjang/Prl/2012; 
[7] #2.A/Ck/Cigudeg/Prl/2013; [8]#3.A/Ck/Lyr.Gunungsindur/Prl/2013; [9] #4.A/Ck/Gunungsindur/Prl/2013; [10] #5.A/Ck/Cianjur/Prl/2013; 
[11] #6.A/Ck/Legok/Prl/2013; [12] #7.A/Ck/Medan/Prl/2013; [13] #8.A/Dk/Pakijangan/Prl/2013; [14] #9.A/Dk/Brebes/Prl/2013 
 
CONCLUSION 
All of the isolates used in this study were highly 
pathogenic avian influenza (HPAI). Six isolates were 
classified into H5N1 subtype, whereas the other 3 
isolates were included into H5Nx subtype. Phylogenetic 
analysis and genetic distance between viruses showed 
that isolates in this study were divided into 2 clusters 
and still had close relationship. 
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